Climate change presents both challenges and opportunities within the Antarctic and Southern Ocean context. There is clear evidence of the effects of climate change in Antarctica. 7 There seems little doubt that many living organisms, having evolved to withstand the extreme cold, will be particularly vulnerable to increased air and water temperatures. The effects of global warming on polar regions have far-reaching implications, with melting sea-ice and disintegrating ice-sheets likely to cause substantial sea-level rises around the world. It is therefore important that the effects of global warming in Antarctica are clearly understood. However scientific research undertaken in Antarctica also has a great deal to contribute to our understanding of the global climate system and the progress of global warming more generally.
How well can the ATS deal with these changing circumstances? Is it capable of responding to the various changes the region must undergo not only as a direct result of global warming, but also ocean acidification, an expected increase in invasive species, and human pressures such as increased vessel traffic and tourism? While dealing with these emerging challenges, the ATS must continue its historically delicate balancing act of preserving the sovereign rights of claimant states while at the same time promoting effective cooperation among all Antarctic stakeholders.
The pressure that climate change and its flow-on effects may place on the ATS has been recognised by commentators. Chown et al, in a recent SCIENCE 'Policy Forum', acknowledges the ATS's reputation as "a successful model of cooperative regulation of one of the globe's largest commons". 8 However, in pointing out the future conservation challenges posed by climate change and the demand for resources, the authors express concern that the ATS may find itself "outpaced". 9 Hemmings shares this concern, based upon his observations of the growing importance of global forces in Antarctica and a shift from scientific cooperation to commercial pressures as the dominant policy driver in the region. He expresses the view that " [t] he Antarctic system will not collapse tomorrow but it does appear to be in relative decline, and power is shifting from states to non-state entities, and particularly to commercial interests."
10
These comments hint at a distinction that is taken up by Chaturvedi, 11 who states that securing the Antarctic continent and its surrounding ocean against the physical impacts of climate change is just one part of the challenge for the continued viability of the ATS. Perhaps more significantly, at least insofar as the Antarctic Treaty parties ('ATPs') are concerned, climate change will also present challenges for securing the Antarctic legal regime and the core values of that regime. 
The Effects of Climate Change on the Antarctic and Southern Ocean
The effects of climate change on Antarctica and the Southern Ocean can be divided into physical changes affecting the environment and its inhabitants, and pressures on the legal and political regime that threaten the ATS itself. The ATS will have to respond to both types of pressures in order to prove its durability.
The value of Antarctica as a place for conducting climate research has long been recognised; the scientific value of the region for meteorological research and long-range Australian weather forecasting was one of three grounds cited for the establishment of the Australian Antarctic Territory in 1933. 13 Recently, considerable attention has been given to scientific investigations into the effect of climate change on the Antarctic environment and more generally:
We will not be able to fully understand how the Earth system works without comprehensive knowledge of the physical, in 2012, The Council of Managers of National Antarctic Programs ('COMNAP') reported on the proceedings of a workshop held to discuss management implications of a changing Antarctica. Parties at that workshop determined that climatic and other changes would make it more difficult to operate in Antarctica within a ten year timeframe, and that parties would find it necessary to change their operational procedures, even possibly to the extent of changing the location of stations.
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The 2009 Scientific Committee on Antarctic Research ('SCAR') report on Antarctic Climate Change and the Environment ('SCAR Report') 17 states that, in general, over the next 100 years, temperatures across Antarctica will rise by several degrees. 18 The report predicts significant surface warming over Antarctica, averaging 0.34 C° per decade over land and grounded ice sheets, although in most areas the surface temperature will remain well below freezing. 19 Higher temperatures will lead to a reduction in permafrost area, most likely in the northern part of the Antarctic Peninsula, certain subAntarctic islands and coastal parts of East Antarctica. In turn, the thawing of permafrost will lead to ground surface subsidence, with consequent risks to infrastructure in those regions.
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The most significant warming is predicted to occur during winter over the sea-ice zone because of the retreat of that sea-ice. The report concedes that ice sheet modelling is particularly difficult 21 and there are broad variations in the range of predicted outcomes. However models suggest that the average annual sea-ice area will decrease by approximately one-third over the next 100 years.
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Regional differences in temperature predictions also vary significantly. In total, precipitation in Antarctica is predicted to increase, particularly in coastal areas, although the balance between snow and rainfall is expected to change. 23 There also appears to be general agreement that the Southern Ocean storm-track will continue to shift southward.
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The consequences of these changes for biology are complex. The SCAR Report noted that "[i]ncreased temperatures may promote growth and reproduction, but also cause drought and associated effects." 25 It further noted that "[c]hanges to water availability have a greater effect than temperature on vegetation and faunal dynamics." However "[f]uture regional patterns of water availability are unclear"." 26 The effects of climate-related change on marine biology are also unclear.
One particular problem identified by the SCAR Report is the increased risk posed by invasive (nonnative) species:
Given the slow rates of growth and high degree of endemism in Antarctic species, continued ocean warming and expanded tourism and scientific activity may lead to the wider establishment of non-indigenous species by 2100, and consequent reduction or extinction of some locally endemic species.
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These observations on non-native species also highlight the fact that global warming is not occurring in isolation. The impacts of global warming need to be managed alongside established threats posed by increasing levels of human activity in Antarctica, both scientific and through tourism. Increased levels of human activity lead to numerous interrelated problems, from increased levels of wildlife disturbance through to increased levels of pollution, and in particular the increased risk of pollution from vessel emergencies. 
The durability of the Antarctic Model
In assessing the durability of the Antarctic Model in the face of global climate change, it is essential to consider the features of that regime that have enabled it to endure through other major challenges of the last 50+ years, and to consider how those features might apply in the future. While there are many reasons for the Antarctic Treaty Regime's success, and many perspectives from which these strengths might be considered, the following four factors identify the key elements of the successful 'Antarctic model':
Responsiveness -the ability of the model to respond in a timely fashion to new issues as they arise; Distinctiveness -the ability of the model to portray Antarctic issues as distinctive or exceptional, apart from global issues, and then to present itself as a complete solution to those issues;
Cohesiveness -the provision of a united front based upon cooperation and consensus decisionmaking, thereby maintaining the ability of the ATPs to control Antarctic issue; and
Authoritativeness -a strong moral foundation based on the concept of trusteeship and the primacy of science and peace.
Each of these factors will now be considered in turn.
Responsiveness
On repeated occasions the ATS has demonstrated its ability to respond to emerging environmental challenges in a timely manner. The Antarctic Treaty focussed on neutralising concerns over sovereignty and reserving the continent for peaceful purposes so that scientific work could proceed without impediment. 29 Over time, the original treaty has expanded into the Antarctic Treaty System, with a shift in focus to promote environmental protection while still supporting freedom of scientific research.
This responsiveness has its foundation in Article IX of the Antarctic Treaty, which establishes a system of regular meetings of the Treaty Parties ('Antarctic Treaty Consultative Meetings', or ATCMs). At these meetings, parties may devise "measures in furtherance of the principles and objectives of the Treaty", in particular regarding the "preservation and conservation of living resources in Antarctica". 30 The ATPs have enthusiastically taken up this opportunity to continually update and grow the ATS, allowing it to respond to change and to develop into a comprehensive management regime for the Antarctic continent and the surrounding ocean.
A concern with conservation featured at the very first ATCM in Canberra, 1961. At that meeting, the Representatives passed a recommendation to their Governments that, inter alia, they recognize the urgent need for measures to conserve the living resources of the treaty area and to protect them from uncontrolled destruction or interference by man … Kershaw reportedly remarked that it "must be unique for an international agreement to be negotiated to conserve a resource which is not yet being exploited."
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The Convention for the Conservation of Antarctic Marine Living Resources ('CCAMLR') 35 was negotiated in response to the threatened overexploitation of krill. However, CCAMLR has a much broader focus than this single resource. It is a management regime for all marine living resourcesit seeks to manage commercial and other uses based on scientific data and through the setting of catch limits and other conservation measures. It seeks to conserve not just the particular harvested species (including krill and Patagonian tooth fish), but the marine ecosystem in general.
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The most recent addition to the ATS is the Protocol on Environmental Protection to the Antarctic Treaty ('Madrid Protocol'), 37 which came into force on 14 January 1998. The protocol arose in controversial circumstances, replacing the abandoned Convention on the Regulation of Antarctic Mineral Resource Activities ('CRAMRA'). 38 CRAMRA was negotiated through the 1980s as a preemptive response to the possibility of minerals exploitation on the Antarctic continent. CRAMRA imposed strict environmental controls on potential mining activities. However, by the time negotiations were finalised, some parties found themselves unable to ratify an agreement which seemed to regard Antarctic mining as a fait accompli. 39 In its wake, the Madrid Protocol was negotiated rapidly in 1989-91, designating Antarctica as a 'natural reserve devoted to peace and science'
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. The body of the Protocol acts as a framework for the environmental protection regime, with detail on specific issues being provided through annexes. Currently there are six such annexes, dealing with environmental impact assessment, conservation of flora and fauna, waste management, marine pollution, specially protected areas and liability arising from environmental emergencies. 41 This past experience suggests that, in terms of its ability to respond to the realities of climate change, the ATS should be better placed than most regulatory regimes. It has provided a model for a cooperative approach to environmental regulation and a track record of developing regulations to meet emerging needs. However, a history of successfully responding to environmental challenges is no guarantee of future success. It is now quite some time since the ATS responded to a major environmental challenge. The ability of the ATS to deal with certain pressing issues has come under question. Illegal, unreported and unregulated ('IUU') fishing is not unique to the Southern Ocean; however it is a problem that continues to affect Antarctic fisheries, particularly toothfish. Recently, Chown et al and Haward, Press and Jabour have debated the ability of the CCAMLR Commission to carry out its role effectively, the latter defending CCAMLR against assertions that the Commission is "struggling to manage the Antarctic toothfish fishery." 44 Despite CCAMLR's efforts to devise innovative measures, including a vessel monitoring scheme, catch documentation scheme and blacklisting of IUU vessels, the continued operation of IUU vessels within the Convention area has led to allegations that CCAMLR's enforcement powers are limited and weak. Brown concludes that problems in controlling IUU fishing have "undermined the credibility of the Commission and its ability to achieve its objectives."
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There are some issues that the ATPs have refused to deal with, principally Antarctic whaling. 46 Whaling was exempted from consideration early in the history of the ATS when cetaceans were excluded from the definition of 'mammals' that were to be protected by the Agreed Measures for the Conservation of Flora and Fauna. 47 This exclusion is maintained under Annex II of the Madrid Protocol, which despite requiring permits for any activity involving "taking or harmful interference" in relation to native animals and birds (including all mammals that are native to, or migrate through the Treaty Area), goes on to specify that "[n]othing in this Annex shall derogate from the rights and obligations of Parties under the International Convention for the Regulation of Whaling'. 48 This deference to a global regime which, although predating the Antarctic Treaty, has such a poor record of resource management, does no favours to the ATS's environmental credentials. 49 In addition, the increasingly violent clashes between Japanese vessels engaged in scientific whaling and anti-whaling protesters in the Southern Ocean 50 should be of central concern to the ATPs. Apart from issues of crew safety, should vessels collide the potential for an environmentally disastrous oil spill is also significant.
In relation to climate change itself, the ATS has been slow to respond, demonstrating an "overall reluctance, bordering on resistance, to placing climate change on the agenda of the ATCMs up until 44 Overall, on the question of responsiveness, the evidence is mixed. The strong performance of the ATS in the past must be balanced against its limited recent experience, although at least on the topic of climate change the ATS appears to have overcome its initial reluctance to engage.
Distinctiveness
The success of the ATPs in responding to various problems in the past has in part depended upon their ability to characterise Antarctic issues as distinctive and to strive to present a complete solution within the Antarctic system. 58 Such a view has been assisted by the region's geographical 51 Chaturvedi, above n 11, 267. 52 Ibid, 269. It would not be until the XXXIV ATCM in Buenos Aires in 2011 that climate change would earn a separate ATCM agenda item. 53 Antarctic Treaty Consultative Meeting XXXII, Washington Ministerial Declaration on the Fiftieth Anniversary remoteness and extreme conditions. These have naturally limited both the level and extent of human contact. 59 These influence of these views have been waning as the natural barriers to Antarctica are overcome, lessening its isolation. Hemmings attributes this largely to the arrival of certain global commercial interests and activities, principally fishing, minerals resources, tourism, bio-prospecting, Antarctic services and education. 60 Whereas once Antarctica was only accessible to a few individuals, largely scientific or governmental personnel, it is now directly within the reach of large numbers of tourists. 61 In addition, mass media and popular culture have made the continent accessible to even more people who, although they may never visit it, are nevertheless able to develop a strong connection with, and concern for, the region. 62 If the ATS finds it increasingly difficult to justify the treating of Antarctic issues as 'other', then its ability to effectively manage future challenges such as climate change may be limited. The relationship between the changing physical boundary and legal boundaries will first be explored, followed by a consideration of the impact of 'global' issues on Antarctic management.
Uncertainty over how to characterise the boundary of Antarctica and Antarctic waters has always been an issue for parties to the ATS. Practical difficulties abound in defining the limits of the Antarctic continent, with ice-covered coastlines and extensive ice-shelves projecting from the land mass; while defining a formal boundary for Antarctic waters for regulatory purposes has always been a somewhat artificial exercise. The Antarctic treaty settled on the 60 degrees South line of latitude 63 which, despite its ecosystem focus, the Madrid Protocol follows. 64 CCAMLR uses a series of coordinates to plot its northernmost limits, in an attempt to approximate the location of the Antarctic Convergence, a natural boundary where colder Antarctic and warmer subantarctic waters meet.
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As well as defining two separate hydrological areas, the convergence is a zone of high marine productivity separating two distinctive marine ecosystems.
Climate change is having a direct impact on these important physical boundaries. Evidence suggests a southwards shift (of approximately 50km over the last 15 years) in the Antarctic Convergence as temperatures rise. 66 Should the ATPs be looking to redefine the area of application of the Antarctic Treaty and CCAMLR, perhaps to be consistent with one another and more in line with the shifting natural boundary? As the natural boundary shifts southward, the artificial borders that the ATPs have drawn about themselves will become less relevant.
The issue has important marine resource management implications as warmer waters encourage species such as southern Bluefin tuna to move southwards into the CCAMLR convention area.
Effective fisheries management will require CCAMLR to engage with RFMOs who are already managing these stocks. 67 Some commentators view this as a particular challenge for CCAMLR, for example Brown comments that:
The parties to the Antarctic Treaty have not always welcomed cooperation with other international organizations and have tended to regard the management of developments in the Antarctic region as being their sole responsibility. However, if there was a big move in the future to access the marine resources of the region it is unlikely that the Antarctic Treaty Parties could achieve the necessary level of management to protect the ecosystem without increased cooperation with non-Parties and with a range of international organizations. 68 Examination of ATS meeting documents will confirm, however, that the ATPs are already working with a range of external bodies. For example, part of CCAMLR's strategy for combatting IUU fishing involves the cooperation of CITES to control international trade in Patagonian toothfish. 69 In the case of shipping, the ATPs have been working with the IMO on the development of a mandatory Polar Code that sets safety and pollution control standards appropriate for polar conditions. 70 Climate change presents important opportunities for cooperation with external bodies. In its 2012 working paper, Australia noted that it has identified several options for the Antarctic Treaty Parties to collectively pursue enhanced engagement in international discussions on climate change, in furtherance of their shared objectives under the Antarctic Treaty and its Environmental Protocol … Pursuing closer engagement with the UNFCCC would be consistent with the provisions of the Antarctic Treaty, and with the practice of establishing effective working relationships with other international organisations where necessary to advance the protection and management of the Antarctic Region. 71 However, even in making connections with global organisations, the distinctive position of the ATPs is maintained. For example, ATME Recommendations 1-3 relate to the value of the SCAR Report as a resource for Antarctic Treaty decision making "and as an input to the wider global climate negotiations". 72 It highlights the need to communicate SCAR's findings to other decision makers, to the public, and to provide information on Antarctic climate change to global negotiating fora. 73 those negotiating 'global climate change' and thereby, consciously or unconsciously, discursively maintaining a distinction between the 'Antarctic' and the 'global' climate change." 74 Even while the text is urging cooperation with global organisations, the sub-text maintains the separateness of the Antarctic regime. Whether this 'exceptional' position can be maintained, or the regional approach should be abandoned in favour of a global one, remains to be seen. 74 Chaturvedi, above n 11, 272, citing ATME Report, ibid, 6.
6.Cohesiveness
Alongside the ability to promote Antarctica as distinctive, part of the ATS's past success comes from the parties' ability to project a cohesive front, thereby cementing the view that they are best placed to deal with Antarctic issues. Preventing outside interference in Antarctic affairs was easier when the Antarctic community itself was limited to those with the financial and technical resources to support an Antarctic program. Now that interest in Antarctica is much broader, two particular challenges to the cohesiveness of the ATS can be identified -the threat posed by contentious issues over which consensus cannot be achieved, 75 and the growing influence of external bodies on Antarctic governance issues. 76 What are the prospects for maintaining primary control, and how might that affect the ability of the ATS to deal effectively with the challenges of climate change?
The closed nature of the ATS has drawn criticism in the past, "in particular that the signatories… form a kind of exclusive club, from which the United Nations Organisation has to a large extent been excluded." 77 The notion of the ATS as a closed 'club' is challenged by recent increases to its membership. The most recent accessions, Malaysia and Pakistan, bring the number of parties to the Antarctic Treaty to 50; Pakistan's' accession to both the Madrid Protocol and CCAMLR brings their membership to 35 parties.
The effect of broadening ATS membership should be to increase the legitimacy of the management regime by confirming its broad representation. However, the increase in overall numbers masks the fact that true decision-making power rests with only a sub-set of these members, the Antarctic Treaty Consultative Parties ('ATCPs'). 78 Although the number of original members remains constant as the number of signatories and consultative parties increases might their combined efforts affect the way the treaty evolves because eventually the voting against the original 12 might cause the system to collapse. 80 increasing level of acrimony as the number of member states has increased and the breadth of their interests diverged is hard to ignore in this context.
Alongside the growth in ATS members, the region has increasingly come under the influence of external, particularly non-state, bodies. The attempts in the 1980s to create an Antarctic minerals regime demonstrated the inability of the ATPs to continue to exclude outsiders from Antarctic affairs. Dodds comments that the breakdown in the CRAMRA negotiation process "revealed the growing influence of environmental non-governmental organisations such as Greenpeace and the Antarctic and Southern Ocean Coalition (ASOC) and the international media to challenge the legitimacy of the ATCPs", 81 and those NGOs and non-ATP nations accused the treaty parties of seeking to "carve up" Antarctic mineral resources amongst themselves. 82 More recently, the challenge to existing governance arrangements appears to be coming from commercial entities, regional manifestations of global industries, with an interest in Antarctic fishing, tourism, bioprospecting and mineral resources. 83 While the ATPs were eventually able to survive the minerals debate of the 1980s with their commitment to consensus decision-making intact, should the issue arise again, perhaps in relation to seabed resources, the prospects for success would seem more remote. 84 In relation to Antarctic whaling, the parties have opted to avoid discussions altogether. 85 Although the IWC provides the main forum in which whaling should be discussed, scientific whaling by one of the ATPs within the Antarctic Treaty area is clearly also an Antarctic issue and should be addressed as such. The refusal of the ATPs to engage in the (admittedly acrimonious) scientific whaling debate has led to the curious circumstance whereby two of the Antarctic Treaty parties are challenging another over the legality of scientific whaling offshore Antarctica, not within ATS fora, but before the International Court of Justice. 86 It might be argued that such a dualist approach is inherent to the ATS, with the 'agreement to disagree' over Antarctic sovereignty embedded within the Antarctic Treaty itself.
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However the refusal to deal with such contentious issues, and the apparent valuing of consensus for its own sake, gives little confidence in the ability of the ATS to deal effectively with other contentious issues including mineral resource development, bio prospecting and broader issues associated with climate change.
The first challenge for ATPs will be in maintaining the primacy of scientific research in Antarctica, particularly in the face of economic challenges. Sandford comments:
"There is a risk that international cooperation and the peaceful pursuit of science may become less of a cornerstone of the ATS than has been the case in the past. The impacts of global warming on, and growing resource disparities among, nations, will become more apparent during this century. This will increase the risk of conflicts over resources. In such a scenario, environmental protection and conservation … are likely to become of secondary importance to national resource security." 95 The second challenge for the ATPs is to recognise and promote the particular value of Antarctic science for a global understanding of climate change. 96 This topic has already been the subject of discussion in recent ATCMs. 97 The third challenge for the ATPs in maintaining their strong moral foundation is to ensure the advancement of polar interests in the global community. French and Scott comment that "[a]s trustees (in effect) for the polar regions, Arctic states and parties to the Antarctic Treaty have a special responsibility to support and advocate polar interests within international fora." 98 A fourth challenge for the ATPs is to set a good example -be good global citizens -in their own Antarctic activities. Again, this has been the subject of recent discussions and recommendations in the ATME Report. 99 So far there has been significant attention given to efforts by individual nations to reduce the carbon footprint of their Antarctic operations and to share their experiences in this regard. 100 There have also been efforts to link climate related scientific research in Antarctica with agencies having a broader focus, such as the WMO, World Climate Research Programme, Global Climate Observing System and the Global Ocean Observing System. 
Conclusion
Examination of the ATS suggests that it is a durable model that is in a strong position to tackle the challenges of global climate change. Nevertheless, certain aspects of the Antarctic model deserve attention to ensure its continued relevance. It has proven flexible and responsive to environmental challenges in the past. However, more recent experience in this regard has been less convincing. The process of making decisions within the ATS could be examined with a view to improving its speed and responsiveness. The ATPs have presented a strong, cohesive front and have successfully defended their position as trustees on behalf of the global community. An important feature of their approach has been to promote the distinctive or exceptional nature of Antarctica, thus supporting arguments for a regional approach to deal with Antarctic issues to the exclusion of more general international law regimes. This approach has become increasingly difficult to maintain. Recognition of the growing importance of global issues and global organisations for Antarctic law and governance does not mean that a regional approach should be abandoned, however. Instead, The ATS should seek opportunities to engage further with external bodies and processes that are concerned with issues of climate change, resource management and conservation. Finally, it must be questioned how long the ATPs can maintain their approach of ignoring certain highly contentious issues within Antarctic fora. While questions of Antarctic whaling are set to be resolved elsewhere, global warming is likely to bring further issues of resource access and conservation to the fore. An approach to dealing with such divisive issues will need to be developed at some point, otherwise the ATS risks becoming irrelevant in the eyes of the broader international community. These considerations aside, however, the ATS appears well-placed to face the challenges of global climate change. While its track record of successfully responding to environmental issues in the past is certainly no guarantee of its ability to do so in the future, that experience, and the continued commitment of the ATPs to their stewardship role, provide a strong and durable foundation.
